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THE MOST UP-TO-DATE AND AUTHORITATIVE. WORK ON 


PORTLAND CEMENT 


MANUFACTURE e CHEMISTRY e TESTING 
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The author was Works Managing Director of the Associated Portiand 
Cement Manutacturers Limited, the largest group of cement manu- 
facturers in Great Britain, and in this important volume the reader is 
given the benefit of his unrivalled practical knowledge of every phase 
of cement manufacture. 


The subject is exhaustively dealt with from the selection and winning 
of raw materials to methods of packing and despatching cement. 


Throughout the volume the reader will find valuable information not 
previously published or available elsewhere. 
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throughout the world. 
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manufacturing processes. 
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on improving efficiency of the rotary kiln, 
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operation. 
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coal to rotary kilns. 


Reactions in burning cement. 
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Rotary kiln heat balances and the method of 
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Conservation of heat in rotary kilns. 
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generation at the factory. 
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Effect on Clinker of Heat Treatment and Rate 
of Cooling. 


A PAPER entitled ‘‘ Effect of Heat Treatment and Cooling Rate on the Micro- 
scopic Structure of Portland Cement Clinker,’’ by Mr. G. W. Ward, has been 
published as Research Paper No. 1358 by the United States National Bureau of 
Standards. 


The various phases of the clinker are described in the following as they 
appeared in the etched polished surfaces when viewed microscopically by reflected 
light. Figs. 1, 2 and 3, although used to illustrate the typical appearance of all 
the clinkers tested after the various heat treatments, represent specifically the 
changes effected in one sample by slow, “‘ plant,’’ and quick cooling respectively. 


Free Lime.—Free lime (CaO) etched readily after one minute’s exposure in 
1: 3 water-alcohol solution. It appeared as dark grey, almost black, rounded 
or elliptical grains with no zoning, twinning, or inclusions. It occurred as inclu- 
sions in 3CaO. SiO, and in the interstitial material. As the cooling became slower 
the amount of free lime decreased. In general, free lime was the first phase to 
crystallise. However, in slowly cooled clinkers, where the cooling occurred at 
a uniform rate from 1,450 to 1,250 deg. C. in about three hours, some of the free 
lime crystallised after 3CaO.SiO,. 

Magnesia.—Magnesia or periclase (MgO) was observed without etching as 
brilliant crystals of high relief occurring well distributed throughout the inter- 
stitial material, and occasionally in slowly cooled and plant-cooled clinkers, as 
inclusions in 3CaO.SiO,. As the cooling became slower crystal form became 
more prominent, octahedrons being found in slowly-cooled clinker. Cracking 
around the rims of the grains almost always occurred but tended to decrease in 
quickly-cooled clinkers, possibly because of the small crystal size in that type of 
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Fig. 1.—Typical Slowly-cooled Clinker. 
1, 3CaO.SiO,; 2, B—2CaO.SiO, ; 3, 3CaO.Al,O3; 4, 4CaO.Al,O3.Fe,O3; 5, MgO. 
Distilled water and nitric acid etch. Magnification x 500. Reflected light. 


Fig. 2.—Typical Plant-cooled Clinker. 

1, 3CaO.SiO,; 2, B—2CaO.SiO,; 4, 4CaO.Al,O3; 6, prismatic dark interstitial 
material, arrows indicate unknown phases. Note B—2CaO.SiO, rims around 
3CaO.SiO,. Distilled water and nitric acid etch. Magnification x 500. 
Reflected light. 
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clinker. By actual measurement of many periclase particles, their average size 
was found to be greater in slowly-cooled than in plant-cooled clinkers, and larger 
in plant-cooled than in quickly-cooled clinkers. 

Tricalcium Silicate.—Tricalcium silicate (3CaO.SiO,) etched as dark grey, 
almost black, crystals after three to five seconds agitation in 1 per cent. HNO,- 
alcohol mixture. Probably because of difference in orientation, a few crystals 
etched to a lighter colour. It was commonly the most abundant phase. In 
slowly-cooled clinkers it tended to be compietely or partially included in tri- 


Fig. 3.—Typical Quickly-cooled Clinker. 
1, 3CaO.SiO, ; 2, B—2CaO.SiO,; 5, MgO; 7, glass and light interstitial material, 
4CaO.Al,O;3.Fe,0O,. Distilled water and nitric acid etch. Magnification 
x 500. Reflected light. 
calcium aluminate crystals. The development of good crystal form was observed 
to decrease with increased rate of cooling. 

Re-solution of 3CaO.SiO, and the resulting precipitation of beta-2CaO.SiO, 
were more prominent in slowly-cooled than in plant-cooled clinkers, and only 
very limited in quickly-cooled clinkers. This re-solution was indicated by em- 
bayed tricalcium silicate with dicalcium silicate occupying the bays and frequently 
by fringes of dicalcium silicate around tricalcium silicate. 

The tendency to form twins or to be zoned decreased as the cooling became 
more rapid. Good examples of simple twinning were found in slowly-cooled and 
plant-cooled clinkers, with a greater number in the former. Zoning was well 
developed in the slowly-cooled clinker, with three or four zones not unusual, but 
it was developed to a lesser extent in the plant-cooled product and was rarely 
observed in quickly-cooled samples. 
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Inclusions of dicalcium silicate, magnesia, and free lime, sometimes accom- 
panied by tetracalcium aluminoferrite, frequently occurred in tricalcium silicate 
irrespective of heat treatments. In a few instances periclase inclusions had dark 
halos, possibly indicative of solution in tricalcium silicate. 

Dicalcium Silicate.—Beta-dicalcium silicate appeared without good crystal 
form, generally as spherical or elliptical crystals, which etched readily in 1 per 
cent. nitric acid-alcohol solution. Their distribution was generally good, but in 
some clinkers there was a strong tendency to form large groups. Commonly 
beta-dicalcium silicate occurred closely associated with tricalcium silicate as 
fringes, as inclusions, as pseudomorphs, or occupying embayments. In quickly- 
cooled clinkers, dicalcium silicate with complex twinning was the most frequently 
observed form of this phase. Occasionally, tetracalcium aluminoferrite appeared 
along twinning planes and in cracks. Simplicity of form, a general lack of 
inclusions, and fewer irregularities characterised the dicalcium silicate of quickly- 
cooled clinkers. In slowly-cooled clinkers dicalcium silicate untwinned, and with 
simple multiple twinning was more prominent. Frequently twinning extended 
out past the usually rounded-particle boundary to give a many-fingered appear- 
ance to the grain. It was not unusual for twinning to be indicated by an arrange- 
ment of small unidentifiable inclusions. Dicalcium silicate was often cracked 
radially and sometimes completely separated by cracking or embayment. The 
appearance of dicalcium silicate in plant-cooled clinker was characteristic of that 
found in either slowly- or quickly-cooled clinkers, since plant cooling was inter- 
mediate between these two cooling rates. Gamma-dicalcium silicate, sometimes 


in considerable amounts, was observed only in slowly-cooled clinkers. 


Dark Interstitial Material. 

Dark interstitial material consists of three types, namely, rectangular (identi- 
fied as 3CaO.Al,O,), dark prismatic interstitial material, and glass. 

Tricalcium aluminate (3CaO.Al,O,) etched readily in freshly-distilled water to 
dark-grey rectangular masses, occasionally showing square outlines, and was 
often intimately associated with tetracalcium aluminoferrite. Where present it 
was distributed throughout the clinker structure and sometimes completely 
occupied the interstices. Roughly square or rectangular shapes were generally 
observed, but irregular areas appeared sometimes with the trace of one crystal 
tace. There was no evidence of corrosion, twinning or zoning. The inclusions 
were dicalcium silicate, tricalcium silicate, and infrequently periclase. Small, 
scattered, bubble-like inclusions of what may be tetracalcium aluminoferrite 
occurred. Tricalcium aluminate was found in slowly-cooled clinkers when the 
Al,O,-Fe,O, ratio was 1 : 63 or greater, and not in those of Al,O,-Fe,O, ratio 0: 97 
or less. In the group studied, clinkers having Al,O,-Fe,O, ratios between 0: 97 
and 1: 63 were not available. Only two of the plant-cooled clinkers contained 
tricalcium aluminate. One of these had an Al,O,-Fe,O, ratio of 1: 89 and a 
low total alkali content (0.22 per cent.). The other had an AI,O,-Fe,O, ratio 
of 2.91, the highest in this group, and a total alkali content of 1.00 per cent. In 
this latter case only a small percentage of the tricalcium aluminate calculated to 
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be present at crystalline equilibrium appeared. In quickly-cooled clinkers tri- 
calcium aluminate was not found. 


Prismatic dark interstitial material when etched in freshly-distilled water 
appeared as dark-grey, almost black, elongated crystals, frequently with darkened 
edges. It showed no corrosion, twinning or zoning. Occasionally the crystals 
were bordered by ragged, weakly etched dark interstitial material which was 
identified as glass. Scattered crystals and aggregates appeared throughout the 
clinker as slender, needle-like, and large, poorly-terminated crystals. Frequently 
they terminated against silicates. In thin sections viewed with transmitted light 
these crystals were anisotropic with a birefringence of about 0: or and parallel 
extinction. Their refractive indexes were close to 1:72. Prismatic dark inter- 
stitial material was much more abundant in plant-cooled than in slowly- or quickly- 
cooled clinker. The quantity of this constituent appeared to be influenced by the 
rate of cooling. The high glass content of quickly-cooled clinkers indicated that 
rapid cooling prevents crystallisation of prisrnatic dark interstitial material, since 
this compound is one of the last to crystallise. This phase was more frequent in 
occurrence and better in development for high Al,O,-Fe,O, ratio clinkers contain- 
ing appreciable amounts of Na,O and K,0O either alone or together. 


Glass is revealed by etching with 10 per cent. KOH. The etchability of glass 
in other reagents depends on its composition. For instance, glass low in iron is 
readily etched with water followed by 1 per cent. HNO, in alcohol, and glass 
high in iron is unaffected by this method. The amount of glass varied greatly 
with different cooling rates. In slowly-cooled clinker it occurred infrequently and 
was seen edging prismatic dark interstitial material. In plant-cooled clinker it 
occurred as irregular areas, blobs, small veinlets, and frequently as a jagged 
sheath around dark prismatic crystals. Etched quickly-cooled clinkers revealed 
glass as ragged areas, blobs, and veinlets. Occasionally it had a roughly prismatic 
form due to prior crystallisation of tetracalcium aluminoferrite prisms. When in 
the form of blobs it frequently gave the light interstitial material a mottled appear- 
ance which made difficult its differentiation from tetracalcium aluminoferrite. 

Tetracalcium aluminoferrite (4CaO.Al,O,-Fe,O,) was unaffected by most 
etchants and appeared as light interstitial material intimately associated with dark 
interstitial material. In the clinkers investigated, tetracalcium aluminoferrite was 
the last crystalline phase to appear except in compositions of low AlI,O,-Fe,O, 
ratios, where the tricalcium aluminate gave every indication of having been the 
last phase to crystallise. In slowly-cooled clinkers well-developed prisms of 
tetracalcium aluminoferrite were easily recognised in thin sections. The prism 
forms varied with the Al,O,-Fe,O, ratio—large, broad forms predominating in 
clinkers of low ratio and small needle-like forms in those of high ratio. There 
was very little change from the amber colour and slight pleochroism of the pure 
compound. 

In quickly-cooled clinkers tetracalcium aluminoferrite appeared as long 
narrow prisms irrespective of the Al,O,-Fe,O, ratio. It was also frequently found 
as dentritic growths in clinkers having low Al,O,-Fe,O, ratios. The large broad 
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prisms found in slowly-cooled clinker were practically absent. In many cases 
the amber colour of this phase was darker and greener, while the pleochroism 
became more pronounced, which may have been due to solid solution with MgO. 
Insley and McMurdie pointed out from their studies that there must be less than 
I per cent. of MgO in solid solution in tetracalcium aluminoferrite. 


The Hydration of Magnesia in Dolomitic Limes. 


SOME notes on the desirability of hydrating the magnesia in dolomitic limes 
are given by Mr. T. C. Tayler in a recent number of Pit and Quarry, from which 
the following is taken. Dolomitic limestone of 60 per cent. CaCO, and 40 per 
cent. MgCO, content when burned becomes quicklime of 64 per cent. CaO 
and 36 per cent. MgO content. When water is added the CaO readily combines 
to form Ca (OH),. Under ordinary hydrating conditions little or none of the 
MgO combines with water but it can be made to partly or fully combine to form 
Mg (OH),. Thus ordinary hydrating methods give only 120-6 lb. of hydrate 
from 100 lb. of quicklime, whereas it is possible to get 136°8 Ib. 

Dolomitic lime fully hydrated makes as good sand-lime bricks as the high- 
calcium lime now generally used, and there are reasons to expect even better 
results. A sand-lime brick made with dolomitic lime containing unhydrated 


magnesia may increase in volume during hardening as much as 50 per cent. and 
will be worthless. It is important that there should be very little free MgO in 
lime used for sand-lime bricks. 


Reports of the U.S. Bureau of Standards indicate that complete hydration 
of the magnesia increases the plasticity of the resultant mortar and plaster. A 
dolomitic lime not desirable for plastering may become a preferred product if 
it is fully hydrated. 

For several decades the sand-lime-brick industry has fully hydrated magnesia, 
and Fig. 1 shows a form of hydrator in general use to hydrate the magnesia in 
dolomitic lime. The machine consists of a steel drum built for 100 lb. steam 


Theoretical Combining Proportions 
56 parts CaO + 18 parts H,O = 74 parts Ca (OH), 
40 parts MgO + 18 parts H,O = 58 parts Mg (OH), 


Ordinary Hydration of 100 lb. of Dolomitic Quicklime 
64 Ib. CaO + 20:6 lb. H,O 84:6 lb. Ca (OH), 
30 ,, MgO +o re 8, 36:0 ,, MgO 


100 ,, quicklime + 20°6 ,, H,O 120°6 ,, ordinary hydrate 


Complete Hydration of 100 lb. of Dolomitic Quicklime 
64 lb. CaO + 20:6 lb. H,O = 84:6 lb. Ca (OH), 
36: ,, MgO +3162 , H,O = 52:2 ,, Mg (OH), 


100 ,, quicklime + 36°38 ,, H,O = 1368 ,, hydrate 
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pressure, mounted in trunnion bearings and revolved slowly to facilitate complete 
mixings of the contents. A measured batch, usually several tons, is fed into the 
machine, which is set in motion and a measured quantity of water is added through 
the trunnion. Hot or cold water or even steam may be supplied. Any excess 


Cold water | Quick lime 
| weigh hopper 


r/ Gauge glass 


Vv 


Viv 


Blowdown low-speed 
eo 


nw 
MA, AAR AA 


Packing gland 


Funnel fo 
hydrate 
storage 


Fig. 1.—Hydrator for Magnesia in Dolomitic Lime. 


of pressure generated is released through a safety valve. Blow-down steam may 
be used as indicated to preheat the water supply. The time required for complete 
hydration may vary from about 15 minutes to go minutes per batch, depending 
on several factors such as the steam pressure maintained, the temperature of the 
water supplied, the degree to which the mane has been burned, and the nature 
of the lime. 


BINDING CASES 


“CEMENT & LIME MANUFACTURE : 


Strong binding cases for the 1940 volume of “Cement & Lime Manufacture” are 
now ready, price 3s. 6d. (by post, 3s. 9d.) each. These cases are cloth covered, with 
the title of the journal and the date of the volume blocked in gold on the side and 
spine. If desired, we will undertake the work of binding at an inclusive charge of 
7s. plus 6d. postage: in this case the twelve numbers should be sent post paid to 
Concrete Publications, Ltd., 14, Dartmouth Street, London, S.W.1. For the 
information of those who may wish us to complete their sets, all the 1940 numbers 
are available and can be supplied. price 1s. each. 
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The Relationship of Grinding to Surface 


Measurement. 


A stupy of the theory of grinding as a phase of the problem of the measurement 
of the surface area of cement is given by Mr. S. S. Fritts (of the Lone Star Cement 
Corporation) in Rock Products for May 1941. The equation that forms the basis 
of this investigation is 


—b/d 


(I) 
where y = log J, — log Iz, a = experimental constant, 6 = experimental para- 
meter, e = Naperian logarithm base = 2-718, and d = diameter of particle in 
microns. Values for a and b may be determined analytically if y is known for 
any two values of d. Hence the parameter b may be found from the following : 
be wee... 
I I 


dy d, 
where d, and d, are particle sizes in microns, and log log J4, and log log Jj. are 
the logs of the turbidimetric values corresponding to the particle sizes. 
However, the better solution is by means of graphical methods, in which case 
equation (1) may be written 


y = ae 


log log I 4, — log log I qo) ea “i << 


r b 


oy *- os ks os i « & 


log y = log a — 

By plotting values of log turbidity or log (log J, — log J 4) against 1/d on semi- 
logarithmic paper and drawing a straight line through the points the values of 
the constant a and the parameter 6 are obtained. The intercept on the log y 
axis is log a and the slope is — 0-43430. 

Calculation of surface area and particle size distribution based on equation (1) 
is rather long and tedious, and from a practical standpoint the application of the 
proposed law of turbidity versus particle size would be too involved. It has 
been found, however, that the mean particle size of the 0-7-5 micron fraction 
and the surface mean diameter for any limiting particle size bears a direct relation 
to the parameter 0 of equation (1). Thus it is only necessary to plot values of 
turbidity (log Jy - log 74) against the reciproca: of the particle size on semi- 
logarithmic paper and determine the slope of the line from which the value of 
b is readily calculated. Fig. 1 shows the relationship between the mean particle 
size of the 0-7-5 micron fraction and the parameter b. This curve was prepared 
from theT able J and the calculations were based on an assumed normal distribution. 

By means of the foregoing relation it is possible more nearly to approximate 
the actual mean diameter of the 0-7-5 micron fraction than that of the assumed 
mean diameter of 3°75 microns. It is of course necessary to make corrections 
in the Wagner equation to account for the change of the calculated particle size. 
The surface area is then given by : 

: 38-1 xX % minus 325 x (2 — log J) 
ae Ti go is « @ 
g f") 
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where 2 (2 — log J“) = 
0°4 Ama + (1°75 — 0°2 Amzs) log I7.5 
+ 0°75 log Iy9 + log 1,5 + log Igo 
+ log Io5 log I5; — 11°5 log Igo 
and d,,.7.5 = mean particle size of (0-7-5) micron fraction. 
Fig. 2 shows the relationship between the surface mean diameter of the material 
below the 325-mesh separation and the parameter 5. Because of the uncertainty 
of the actual separation value of the 325-mesh sieve, curves have been prepared 


TABLE I. 


TABULATED VALUES OF MEAN 
PARTICLE SIZE (0-7.5) MICRON 
FRACTION AND PARAMETER “b”’. 


Parameter “b” Mean (0-7.5) 


1.17 
1.81 
2.25 
2.62 
2.91 
3.16 
3.37 
3.56 
3.73 
3.88 
4.02 
4.15 
4.27 
4.38 
4.48 
4.57 
4.65 
4.73 
4.80 
4.87 


7-5 


MEAN PARTICLE SIZE (0-75) MICRONS 


© 
J 
a 


PARAMETER “b” 


Fig. 1.—Relationship between Mean 
Particle Size (0—7.5 microns) 
and Parameter ‘‘b’’ of equation 
y — ae = b/d. 
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for the limiting particle sizes at 60, 55, 50, and 45 microns. These curves were 
prepared from Table II and the calculations were based on the same distribution 
function as applied to Table I. The total surface area of the material less than the 
325-mesh separation is determined from the expression : 
600 xX % minus 325 


Sp. gr. x dy, (5) 


S325 = 


For cements having a specific gravity of 3-15 the foregoing equation reduces to 


2 0/ . ” 1 
aE Te 

The Wagner(') equation for the determination of the surface area of cement 
is based on the assumption that the 325-mesh sieve separates at 60 microns. 
Experimental evidence(?*) has indicated that the separation is nearly 45 microns 
or close to the aperture of the screen which is designated at 43 or 44 microns. 
In recent work it has been found that the 325-mesh sieve separates at 53 microns. 
Some laboratory-ground cements, commercial products, and crushed clinkers 
to the Portland Cement Association type of grindability(*) testing apparatus has 
shown a separation at 53 microns. Mathematically this means that the average 


S3o5 aia 


m 
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diameters of particles just passing a 325-mesh sieve with an opening of 44 microns 
on a side are equal to 1-207 times the sieve aperture. Or, in other words, the 
average diameter of particles just passing a sieve are equal to the mean between 
the inscribed and circumscribed diameters of the sieve aperture. 

In order to test equation (1) or the proposed law of turbidity versus particle 
size, many turbimetric analyses were considered. However, for the purpose of 
examination, the plots of eleven samples of material are shown in Figs. 3 to 13. 
These materials cover a fineness range from the crushed clinker produced by the 
Portland Cement Association grindability testing apparatus to the fairly high- 
early-strength cements ground in open and closed circuit, as well as two types 
of cement raw materials. The particle size distributions, surface mean diameters 
and surface areas are shown in Table III, and are identified as follows. Sample 


TaBLE II. 


TABULATED VALUES OF 
SURFACE 


Mean Diameters = dm and Paru- 
meter “b” 


N" 





Para- Surface Mean Diameters at 
meter the Limiting Particle Sizes 
oo" 60 55 50 45 


2.13 2.09 2.05 1.99 
3.63 3.55 3.46 3.36 
5.98 5.83 5.66 5.47 
7.85 7.62 7.38 T11 
9.46 9.17 8.85 8.51 
10.89 10.53 10.15 9.73 
12.17 11.75 1130 10.82 
13.34 1287 1236 11.81 
14.41 13.88 13.32 12.71 
15.40 1482 1420 13.53 
16.32 15.70 15.02 14.29 


SURFACE MEAN DIAMETER =d, 
0 TO 325-MESH SEPARATIO 


8 
7 
6 
5 
4 
3 
2 
‘ 

o 


SLBANAAPWNKO!S 
coocoooooooon 


~ 


PARAMETER "b” 


Fig. 2.—Relationship between Surface 
Mean Diameter and Parameter ‘ b.’’ 


LG.—A laboratory-ground clinker in a 12-in. by 12-in. batch-type tube mill. 
Dispersion effected by a modified procedure. Instrument calibrated by “ mask ”’ 
method. Sample HC.—A high-early-strength cement ground in closed circuit 
with air classifiers. Dispersion and instrument calibrated by standard method. 
Sample HO.—A high-early-strength cement ground in open circuit. Similar 
to sample HC. Sample LS.—A hard limestone ground in open circuit in a com- 
mercial-type combination tube mill. Dispersion effected in an aqueous solution 
with sodium silicate as a dispersing agent. Instrument calibrated by “ mask ”’ 
method. Time intervals by a stop watch calculated from viscosity-temperature 
relations for water. Specific gravity of material, 2-74. Sample CR.—A soft, 
argillaceous limestone (“‘ cement rock ’’) ground in open circuit in a commercial- 
type combination tube mill. Dispersion and calibration asin sample LS. Specific 
gravity of material, 2-62. Sample RL.—Cement Reference Laboratory No. 3 
high-early-strength cement. Dispersion effected by modified procedure. Instru- 
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ment calibrated by ‘‘ mask” method. Sample TS.—A “tailings” product 
from a closed-circuit grinding operation. Dispersion effected by a modified 
procedure and instrument calibrated by “mask” method. Sample GN.—A 
product from a single-roll and ring preliminary-type pulveriser. Dispersion 
effected by modified procedure and instrument calibrated by ‘‘ mask” method. 
Sample BC.—A product from a 3-roll and ring preliminary-type pulveriser. 
Dispersion and calibration by standard procedure. Sample GB.—A crushed 
clinker produced by a Portland Cement Association grindability testing apparatus. 


TABLE IJI.—ParTICLE S1ZE DISTRIBUTIONS, SURFACE MEAN DIAMETERS 
AND SURFACE AREAS, BASED ON TURBIDIMETRIC ANALYSES. 


Sample LG HO LS CR RL TS GN BC GB ss 


(0-7.5) 3.75 . 3.75 3.75 3.75 3.75 3.75 3.75 3.75 3.75 3.75 
55u 100. » - 100. 109 100. 100. 100 100. 100. 100. 100. 
50 98.1 - 985 98.1 989 100. 935 965 936 92.1 96.4 
45 95.8 . 979 954 969 99.2 829 933 855 82.0 92.5 
40 93.1 J 954 923 942 984 1733 862 803 729 879 
35 87.7 d 93.7 89.0 903 960 58.7 804 73.5 624 828 
30 79.3 z 918 843 869 918 473 724 660 526 177.0 
25 74.0 : 815 79.7 828 843 37.7 60.2 570 42.0 70.6 
20 67.1 J 703 73.1 76.7 738 298 509 469 29.9 623 
15 56.6 a 569 668 686 583 264 400 35.2 216 52.5 
10 44.9 A 4832 578 57.1 412 198 26.7 229 119 939.2 

75 38.5 : 36.0 526 49.5 318 167 206 162 8.1 30.9 
=dm 7.36 ‘ 740 604 618 783 134 106 120 170 83t 

SAg 2585 2575 3625 3705 2430 1415 1800 1590 1125 2285 

-325 95.7 8 98.5 68.1 816 998 59.0 585 33.5 140 889 

SApn 2475 2535 2470 3025 2425 835 1055 530 157 2030 


(0-7.5) 2.90 ‘ 3.20 222 251 342 3.04 3.73 4.00 450 3.28 
55u 190. pO. 100. 100. .100.. 200: 300. 300. 100. 200. 260. 
50 98.0 - 985 976 98.7 100. 933 965 93.7 912 962 
45 95.6 . 97.7 942 963 99.2 822 933 85.7 822 92.1 
40 92.6 R 95.1 903 93.1 985 722 862 806 173.1 87.3 
35 86.6 ‘ 933 859 884 960 57.1 804 738 629 82.0 
30 17.4 x 912 799 843 91.7 454 724 664 533 176.0 
25 71.6 . 80.4 741 794 839 355 602 57.5 428 69.4 
20 64.1 i 686 65.8 72.1 73.1 274 6509 475 309 60.7 
15 52.6 j 54.5 57.7 624 57.1 23.9 400 359 228 50.5 
10 39.7 ‘ 40.1 464 48.7 39.5 171 266 23.7 133 36.7 

75 32.6 ‘ 32.5 396 396 298 139 205 17.1 96 28.1 
=dm 6.71 ‘ 701 475 616 761 180 106 123.1 172 £8.63 

SAg 2835 2715 4610 4435 2505 1465 1800 1570 1110 2375 

-325 95.7 5 98.5 68.1 816 998 590 585 335 140 889 

SAn 2715 2675 3140 3620 2500 865 1055 525 155 2110 


Note. In the above Table, Particle Size Distributions are Gross. To find Net 
values multiply by 325-mesh finenesses. 
=dm = Surface Mean Diameters of the (0-55) micron fraction. 
SA, Gross Surface Areas of the (0-55) micron fraction. 
-325 Fineness of material passing a 325-mesh sieve. 
SAn Net Surface Areas of the minys 325 mesh fraction. 


Dispersion by modified procedure. Instrument calibrated to Jj = 31-6. Sample 
SS.—A standard cement sample (U.S. Bureau 114b). Dispersion by modified 
procedure. Instrument calibrated by “ mask ”’ method. 


Effect on Various Materials of Different Grinding Methods. 


It is interesting to note from Table III how the recalculated (0-7-5) micron 
fraction affects the particle size distributions, surface mean diameters, and surface 
areas. A decrease in the average (0-7°5) micron fraction decreases the value of 
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the percentage less than 7:5 microns, decreases the surface mean diameters, 
and increases the surface areas. 

In comparing samples LG, HC, and HO, the ordinary analysis shows that 
the surface areas are about the same. However, by the modified analysis LG 
shows a much higher surface area due to the fact that the average 0-7-5 micron 
fraction is smaller. HO in comparison with HC shows a difference of 55 sq. cm. 
per gramme for the ordinary analysis and go sq. cm. per gramme for the modified 
analysis. This difference could easily account for a difference in strength pro- 
ducing characteristics of a cement ground in open circuit as against a similar 
cement ground in closed circuit to practically the same fineness as shown by the 
ordinary methods. 

Sample LG shows a relatively high surface area but a rather peculiar gradation. 
The 0-7°5 fraction is fairly high but the gradation up to 30 microns is decidedly 
low in comparison with similar types of cement ground in open circuit, as HO. 
It is generally recognised that laboratory-ground cements do not perform in the 
same manner as commercial products. An examination of the particle size 
distributions may throw some light on the reason for these apparent differences. 


Samples LS and CR are especially interesting because they show the grading 
characteristics of cement raw materials. While LS is considered a very hard 
grinding limestone it nevertheless shows a higher fineness, in terms of surface 
mean diameters, than the comparatively easy grinding cement rock. Experience 
with the grinding of these materials shows that material CR breaks down readily 
and it is not especially difficult to eliminate critical particle size in terms of plus 
100-mesh material. On the other hand, sample LS is resistant to the elimination 
of critical particle size. Both these materials should respond readily to air 
classification and thus reduce the problem of oversize material without an undue 
amount of minus 0-7-5 micron material which could be very easily lost during 
the burning process. 

An air elutriation analysis showed that sample LS had 29:3 per cent. less than 
10 microns and sample CR had 41-3 per cent. less than 10 microns. The Wagner 
analysis with the calculated 0-7-5 micron fraction showed 31:6 per cent. for sample 
LS and 39:6 per cent. for sample CR. On the other hand the Wagner analysis 
without any modifications showed 39-4 per cent. for sample LS and 46-6 per cent. 
for sample CR. Sample RL is included because of the interest shown in this 
material at the present time. 


Sample TS is a “ tailings’ product from a closed-circuit grinding operation. 
This material is especially interesting because it shows a “ primary” and 
“secondary ”’ distribution function. In an analysis of this type it is necessary 
to determine the distribution function at or near 7:5 microns and substitute the 
value for dj,»75 in equation (4) and thus calculate the surface area. Sample 
TS may be considered as “‘ dirty ’’ tailings, i.e. it contains a relatively large amount 
of 0-7-5-micron material. The modified analysis may thus be useful in analysing 
the performance of air separators and closed-circuit grinding in general. Samples 
GN and BC are similar to sample TS in that a “ primary” and “ secondary ”” 
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The Cu1eF CHEmist of one of the largest 
English Cement Manufacturers writes : 


“I must offer my congratulations on the 
excellence of ‘The Cement Chemists’ and 
Works Managers’ Handbook.’ I feel 
sure it will prove essential to those for 
whom it is intended.” 


“CEMENT CHEMISTS’ AND WORKS 
MANAGERS’ HANDBOOK” 


By W. WATSON, B.Sc., and Q. L. CRADDOCK, M.Sc. 


186 pages, 152 tables, 14 illustrations. Published 1940. 
Price 15s.; by post 15s. 7d. inland, 15s. 8d. abroad. 


IVES in handy form all the data used in the manufacture, 
chemistry, and testing of cement. An indispensable work of 
everyday reference. Saves time and labour, and ensures accuracy. 


Comparison in tabular form of the cement specifications of 33 countries ; 
Dimensions of various standard sieves; Weights and volumes of slurry ; 
Capacities of tanks and kilns; Gas volumes per ton of clinker; Kiln data; 
Fan horse-power ; Volumes and weights of gases from kilns; Density of exit 
gases; Density of gases in kilns; Proportioning and chemical control of raw 
mixes ; Heat balance. 


Conversion tables (English-metric and metric-English)—Pressures, density 
and concentration, heat, work, energy, calorific values, specific surface, air 
passing through pipes, rate of flow. 


Physical tables.—Properties of substances, compounds, and_ alloys; 
Solubilities of gases in water ; Specific gravities of hydrochloric, sulphuric and 
nitric acids at 15 deg. C.; Connection between specific gravity, degrees 
Twaddell and degrees Baume; Conversion of hydrometer readings to specific 
gravity ; Weights of substances; Tension of aqueous vapour; Density and 
volume of water at different temperatures ; Weights of sheet metal; Weights 
of water vapour and dry air in saturated air at different temperatures ; 
Calibration of pyrometers ; Heat units ; Combustion data; Freezing mixtures ; 
Evaporative power, calorific power and carbon value. 


Standard solutions and bench reagents ; Chemical tables (atomic weights, 
gravimetric factors, conversion of weights of precipitates). 


Chemical analysis (Argillaceous and calcareous materials, coal and coke, 
gypsum, cement). 


Testing of cement (Setting time, consistency, fineness, soundness, tensile 
strength). 


PUBLISHED BY 
CONCRETE PUBLICATIONS LIMITED 
14, DARTMOUTH STREET, LONDON, S.W.1 
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distribution function is shown. These materials are relatively coarse so that a 
modification of the Wagner analysis does not show any great difference. 

Sample GB is about the coarsest material subjected to Wagner analysis. 
Here again is found a “ primary ”’ and “ secondary ”’ reduction function. Sample 
SS is “‘standard’”’ sample 114b. In the analysis in Table III the distribution 
function has been considered normal with the equation defined by a single para- 
meter. 

In ordinary cement grinding, with either open or closed circuits, normal 
distribution functions will be encountered. Naturally the law of turbidity 
versus particle size will not hold for abnormal distributions. Conversely, the 
ordinary Wagner analysis will fail, and it is therefore necessary to resort to other 
methods of fineness determinations. 

Frequently, it will be found that particulate materials break down into a 
“primary ”’ and “ secondary ”’ 
to treat these functions separately. In this category are the products of coarse 
crushing and grinding operations and possibly some air-separated materials 
Finely-ground products usually assume a normal distribution with a complete 
analysis determined from a single equation. In fact some of the more finely 
divided materials, such as high-early-strength cements, plot to the normal distri- 
bution function better than the coarser products. This fact is important because 
in the analysis of grindability and grinding plant equipment computations for 
efficiency are highly speculative in the greater fineness range. Perhaps the 
grinding equipment is not so inefficient after all, and what may have been con- 
sidered low efficiencies in operation may be accounted for by lack of precision 


distribution function. It is therefore necessary 


of the amount of new surface created during pulverisation, or failure to establish 
accurately the standard grindability factor upon which efficiency must be 
calculated. 
REFERENCES 

(‘) Wagner, L.A.:A Rapid Method for the Determination of the Specific Surface of Portland 
Cement, Proc. Am. Soc. Test. Mat., 33, Part II, pp. 553-70 (1933). 

(?) Traxler, R. N. and Baum, L. A. H.: Measurement of Particle Size Distribution by 
Optical Methods. Proc. Am. Soc. Test. Mat., 35, Part II, 457-71 (1935). 

(3) Fritts, S. S.: Average Diameter of Particles Just Passing the 325-mesh Sieve. Ind, 
and Eng. Chem., Analytical Edition, Vol. 9, 180, April 15, 1937. 


(4) Wilson, R.: A Method for Estimating the Efficiency of Pulverizers. A.J.M.E. Tech. 
Pub., 810 (1937). 
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New Method for .Determining the Alkali 
Content of Cement. 


A METHOD for the rapid determination of alkalis in Portland cement, which 
needs about one-third of the time required by the tentative method of the 
American Society for Testing Materials, is suggested by Mr. F. W. Glaze (of 
the United States National Bureau of Standards) in a recent number of Rock 
Products. In this method, the sample of cement is decomposed by hydrofluoric 
acid in the presence of nitric and perchloric acids, and the resulting perchlorates 
are decomposed by gentle ignition. The alkalis are determined in the extract 
from the ignited residue, the sodium as uranyl zinc sodium acetate, and the 
potassium from the platinum in the chloroplatinate precipitate. The advantages 
claimed for this method are its speed and simplicity and, so far as it has been 
tried, there is said to be no material sacrifice of accuracy. 

In describing the new method the author states that the effects of the sodium 
and potassium oxides normally present in Portland cement on the properties of 
the cement have been receiving considerable attention recently. The present 
indications are that their effect is considerable because of their tendency to form 
complex molecules.! Also, the State of California has already limited the 
amount of total alkali that may be present in cement used for highway construction 
with certain aggregates to 0-5 per cent. when calculated as sodium oxide. The 
A.S.T.M. Committee C-1 on cement has recommended a method which requires 
the treatment of a 5-g. sample of cement by a modified J. Lawrence Smith 
procedure. The total alkalis are weighed as sulphates, the potassium is deter- 
mined as the chloroplatinate, and the amount of sodium obtained by difference. 
This method seems needlessly long and involved because of the digestions and 
numerous filtrations necessary to extract the alkalis from the sinter and to 
purify the alkali extract. After studying this above method and other possible 
procedures that would require less time and attention, the method described 
was tried and found to be satisfactory. 


The Method. 


To 1 g. of cement in a platinum dish, add 5 ml. of distilled water, stir to break 
up any lumps that form and then carefully add 5 ml. of HNO, (sp. gr. 1-42). 
Stir with a platinum rod until decomposition is complete. Now add 5 ml. of 
HClO, (60 per cent.) and 15 ml. of HF (48 per cent.), thoroughly mix by stirring 
with the platinum rod, and evaporate to fumes of HClO, over a radiator? or air 
bath.? Cool, remove the rod, wash down the sides of the dish with distilled 
water, evaporate, and fume off the excess HClO,. Ignite the residue gently 
over a free flame (with the dish covered) to decompose the perchlorates, at no 
time allowing the temperature to exceed 500 deg. C. (incipient redness). Cool, 
add 50 ml. of distilled water, crush all lumps with the flattened end of a stirring 
rod, digest on the steam bath for 30 minutes, filter through a 9-cm. paper 
(Whatman No. 42 or equivalent) and wash 20 times with hot distilled water. 
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using about 3 ml. each time. The filtrate and washings should amount to 
about 125 ml. Acidify the filtrate with HCl (1: 1), evaporate to about 75 ml. in 
glass, cool, transfer to a 100-ml. volumetric flask and take 10 ml. for the Na,O 
determination and reserve the remaining go ml. for the K,O. 


Sodium Oxide.—The Na,O is determined as uranyl zinc sodium acetate. 
Evaporate the 10-ml. aliquot sample in a small beaker or casserole to dryness 
on a steam bath. Cool to room temperature, take up the residue in 1 ml. of 
distilled water, and add 10 ml. of the uranyl zinc acetate reagent.5 After 
standing for two hours, filter through a weighed glass filter crucible by suction. 
A 30-ml. Jena crucible (1bG3) or its equivalent has been found satisfactory. 
Wash the precipitate by decantation five times with the precipitating reagent 
(using 2 ml. each time), transfer the precipitate to the crucible with ethyl alcohol 
which has been saturated with the sodium salt and to which 1 per cent. by volume 
of acetic acid has been added, then wash ten times with the alcohol wash solution 
(using about 2 ml. each time), and finally three times with ether. Draw air 
through the crucible until the odour of ether is removed, wipe off the outside 
of the crucible with a damp cloth to avoid electrostatic effects, place the crucible 
in a desiccator for about ten minutes, and then remove to the balance case. 
Weigh as soon as the crucible and contents reach constant weight (after about 
I5 minutes in the balance case). 


wt. of precipitate x 0:02051 x 100 


Per cent. NagO = 

orl 

Potassium Oxide.—The K,Ois determined by the modified chloroplatinate 
method.* To the go-ml. aliquot sample, transferred to a small casserole (or 
beaker), add an amount of chloroplatinic acid solution slightly in excess of that 
necessary for the complete precipitation of the potassium present and evaporate 
on a steam bath to a syrupy consistency, i.e. until solidification occurs on cooling. 
Drench the cooled residue with about 2 ml. of ethyl alcohol (80-85 per cent. by 
volume), break up the residue with the flattened end of a stirring rod, and allow 
to stand for half an hour. The alcohol solution should be coloured if an excess 
of chloroplatinic acid has been used. Pour the liquid through a small filter paper 
(Whatman No. 42 or equivalent). Wash by decantation four more times, 
pouring off the liquid each time as soon as the filter drains, and finally wash 
around the top of the filter three times. Transfer the K,PtCl, in the casserole 
to a 250-ml. beaker and wash the casserole and the filter with hot water (receiving 
the washings in the 250-ml. beaker), adjust the volume to about 100 ml., and 
warm on the steam bath to dissolve the K,PtCl,. Add 1 ml. of HCl (sp. gr. 1-18) 
and about 0-5 g. of magnesium ribbon wrapped around the end of a stirring rod 
and continue to digest on the steam bath. When the action ceases or the solution 
becomes cloudy because of the formation of basic magnesium salts, add 2 ml. of 
HCl (sp. gr. 1-18). When the platinum settles and the supernatant liquid is 
clear, add 2 ml. more of HCl (sp. gr. 1-18), boil for several minutes, filter, and 
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wash twenty times with hot water. The paper and platinum are then ignited 
to constant weight in a weighed porcelain crucible. 


Per cent. K,0 = me ee eae 


Careful blanks should be run on all the reagents used, following exactly the 
same procedure as used in the analysis. It should be possible, using this method, 
to determine the sodium and potassium in a sample of cement in a 7-hour day 
as compared with a minimum of three days required by the A.S.T.M. method. 


Results. 


The following table gives some results obtained by this method in comparison 
with results obtained by other methods : 


Per cent. Na,O Per cent. K,O 
Glaze Others Glaze Others 


Comparative sample No. 3 (1) 0°39 0*33 (2) 0:23 0°23 (2) 
Clinker No. 6 0:70 0:62 (3) 0°50 0°52 (3) 
Clinker No. 9 0:79 o-81 (4) 


0:00 0-08 (4) 


~~ — 


(1) Cement Reference Laboratory sample. (2) Averages obtained by co-operators using 
the A.S.T.M. tentative method. (3) A.S.T.M. tentative method, by J. J. Tregoning. 
(4) J. Lawrence Smith method (1-g. sample, and determining both Na,O and K,O), by 
J. J. Tregoning. 


1 Unpublished data of Insley and McMurdie, and of the Portland Cement Association 
Fellowship. 

2 Construction and use of radiators are described on p. 33 of W. F. Hillebrand’s 
‘The Analysis of Silicate and Carbonate Rocks’’ (Bulletin 700 of the Department of the 
Interior) and on p. 22 of Hillebrand and Lundell’s ‘‘ Applied Inorganic Analysis.” 

3 A suitable air bath is shown in Fig. 26 on p. 47 of Treadwell and Hall’s ‘“ Analytical 
Chemistry,’’ Vol. II (seventh edition). 

4 Barber and Kolthoff, J. Am. Chem. Soc. 50, 1625 (1928). Glaze, J. Am. Ceram. Soc., 
14, 450 (1931). 

5 This reagent is prepared from the following solutions : 

Solution A 
Uranyl acetate (2H,O) 
Acetate acid (30%) 
Water to make 


Solution B 
Zinc acetate (3H,O) 
Acetate acid (30%) 
Water to make 


After solutions A and B have been prepared (by warming), they are mixed while warm 
and allowed to stand for 24 hours. A precipitate of uranyl zinc sodium acetate usually 
forms from the small amount of Na,O in the chemicals used. If no precipitate forms, add 
(with stirring) a small crystal of NaCl and allow to stand for two hours. Repeat until a 
definite yellow crystalline precipitate is obtained, thus ensuring saturation of the reagent 
with the triple salt at room temperature. In either case the precipitate is filtered off. When 
kept in Pyrex glass the reagent does not become turbid after long standing. 

® Hicks, J. Ind. Eng. Chem. 5, 650 (1913). 





